Objective-To compare state and trait anxiety in mild cognitive impairment (MCI) patients and matched control subjects, and to assess the impact of these variables in predicting conversion to Alzheimer's disease.
INTRODUCTION
Mild cognitive impairment (MCI) signifies a transitional stage between age-related memory decline and Alzheimer's disease (AD). The Petersen criteria for MCI require memory complaints, cognitive impairment (test scores > 1.5 SD below age-adjusted norms), and intact daily functioning (Petersen, 2004; Petersen et al., 1999) . Conversion rates from MCI to AD, over varying follow-up lengths, range from 4 to 23% in community-based samples and 10-31% in clinic-based samples (Bruscoli and Lovestone, 2004; Luis et al., 2003) . This variability is likely related to differences in diagnostic criteria, type of samples, and demographic confounds including age and education.
Patients with MCI or cognitive complaints commonly have comorbid anxiety and depression with rates reported as high as 45 and 65%, respectively (Palmer et al., 2007; Sinoff and Werner, 2003; Dierckx et al., 2007; Gabryelewicz et al., 2007; Robert et al., 2006; Teng et al., 2007) . Comorbid anxiety and depression symptoms can lead to poorer performance on cognitive tests in young and older adults, thus confounding the assessment for MCI (Austin et al., 2001; Coles and Heimberg, 2002; Stroobant and Vingerhoets, 2008; Zakzanis et al., 1998) .
The comorbid occurrence of neuropsychiatric symptoms, including anxiety, and memory impairment was associated with continued cognitive decline in community-dwelling elders without cognitive impairment (Sinoff et al., 2003) . Another study in a sample of 47 MCI patients found that the presence of anxiety increased the risk of MCI conversion to AD, and endorsement of each additional symptom of anxiety doubled the risk of conversion (risk ratio, 1.8; 95% CI, 1.2, 2.7; Palmer et al., 2007) . Depression, which has been studied more extensively than anxiety in elderly patients with cognitive impairment, is also known to be associated with an increased risk of dementia, and may be a prodromal sign rather than an independent risk factor (Bassuk et al., 1998; Devanand et al., 1996; Wilson et al., 2002) .
Clarifying the impact of anxiety on the presentation of MCI, and the effects of these symptoms on cognitive decline and likely conversion to dementia, is important to improve diagnosis and accuracy in estimation of prognosis. In a single-site, long-term study of MCI outpatients without dementia and without an identified cause for cognitive impairment, baseline anxiety measures were compared in patients and healthy control subjects. Further, the impact of baseline state and trait anxiety on the likelihood of conversion to dementia, primarily AD, was examined within this MCI patient sample. Depression scores were also examined with the caveat that since current major depression was an exclusion criterion, the depression scores were low across the sample.
METHODS

Participants
Patients presented with memory complaints to either the Memory Disorders Clinic jointly run by the departments of Psychiatry and Neurology at New York State Psychiatric Institute/ Columbia University or the Center for Memory and Behavioral Disorders in the Department of Neurology/Columbia University. All patients met study criteria for cognitive impairment without dementia and without a specific identifiable cause. Healthy control subjects were recruited primarily by advertisement and were required to have cognitive performance within the normal range, and were group-matched to patients on age and sex.
All subjects signed informed consent in this New York State Psychiatric Institute/ Columbia University IRB-approved protocol.
Eligibility criteria
The inclusion criteria for patients were intended to define a broad group of cognitively impaired patients with memory complaints and without dementia. Inclusion criteria for patients were age 41-85 years, cognitive impairment between 6 months and 10 years, and Folstein MMSE score ≥ 22/30 (Folstein et al., 1975) . Neuropsychological screening inclusion guidelines were Folstein MMSE recall ≤2/3 objects at 5 min, or Buschke Selective Reminding Test (SRT) delayed recall score > 1 SD below norms, or Wechsler Adult Intelligence Scale-Revised (WAIS-R) performance IQ score ≥10 points below WAIS-R verbal IQ score. Patients without any of these neuropsychological deficits were considered if they met all of the following three criteria: subjective complaint of memory decline, informant's confirmation of memory decline, and modified Blessed Functional Activity Scale score ≥1 on the first eight items that cover memory-related cognitive and functional problems (Stern et al., 1990 This study began before MCI criteria were published (Petersen et al., 1999) . Since all patients had subjective memory complaints (diagnostic criterion for MCI) and completed an extensive neuropsychological test battery, the baseline MCI subtype could be determined post hoc by using age, education, and sex-based regression norms derived from 83 healthy control subjects (63 from this study and 20 from other studies) who received the same test battery, as previously described (Tabert et al., 2006) . Based on this approach, 73% of patients met criteria for amnestic MCI with or without other cognitive domain deficits, 13.5% had non-amnestic MCI, and 13.5% had cognitive scores < 1.5 SD below norms, that is, insufficient to meet MCI criteria (Tabert et al., 2006) .
Exclusion criteria included a diagnosis of dementia, schizophrenia, current major affective disorder, active alcohol/substance dependence, clinical history of stroke, cortical stroke or infarct ≥2cm in diameter based on MRI, cognitive impairment secondary to medications, or other major neurological illness, for example, Parkinson's disease.
For this prospective study, controls were group matched to patients on baseline age and sex. Inclusion criteria for controls were the absence of memory problems, a score of ≥34/41 on the Telephone Interview for Cognitive Status, a score of ≥27/30 on the MMSE with recall of ≥2/3 objects at 5 min, and neuropsychological test scores (using the same battery of tests used to evaluate the patient cohort) that were not more than 1 SD below age adjusted norms. Medical, neurological, and psychiatric exclusion criteria were the same as for patients.
Procedures
At baseline, the study neurologist/psychiatrist completed history, physical, neurological (including the Unified Parkinson's Disease Rating Scale), and psychiatric examination. Laboratory tests included complete blood count, serum electrolytes, thyroid, liver and renal function tests, rapid plasma reagin (RPR), serum vitamin B 12 and folate levels, and MRI brain scan.
All subjects received a baseline and annual neuropsychological test battery, reviewed by an experienced neuropsychologist (Y.S.). The two expert raters made a consensus diagnosis at each follow-up, while remaining blind to data from prior visits. The diagnoses of dementia were based on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria and possible or probable AD on NINCDS-ADRDA criteria (McKhann et al., 1984) . The endpoint of conversion to AD required this diagnosis at any two consecutive annual assessments during the entire follow-up period.
Anxiety and depression evaluation
State anxiety, though difficult to define in strict temporal terms, is characterized by the presence of tension, worry, nervousness, and apprehension, and is defined as an active emotional state with a certain level of intensity. Trait anxiety is related more to personality type and remains relatively stable over time though it can be influenced by negative evaluations by parents, teachers and peers during childhood (Purdue and Spielberger, 1966) and has been linked with the personality trait of neuroticism (Smoller and Tsuang, 1998) . State and Trait anxiety interact so that individuals with high levels of trait anxiety perceive stimuli as more threatening and respond with higher levels of state anxiety (Spielberger et al., 1983) . The Spielberger StateTrait Anxiety Inventory (STAI) was administered at baseline (Spielberger et al., 1983) . The STAI is a well-established and validated self-report measure with a subset of items for state anxiety and another subset for trait anxiety. The subject answers 20 questions in each subtest using a scale from 1 (not at all) to 4 (very much so). Scores may range from 20 to 80 for each of the two subtests with higher scores indicating higher levels of anxiety. The STAI data were not normally distributed so each subtest was converted into a dichotomous variable of ≤30 (no to low anxiety) or >30 (moderate to high anxiety) based on the cutoff previously reported (Glozman, 2004) . Since the overall levels of anxiety were low in this MCI sample, this method was used to differentiate between higher and lower levels of anxiety rather than other cut-point methods developed to distinguish between patients with DSM-IV anxiety disorders and those not meeting criteria for diagnosis (Dennis et al., 2007) .
Current major depression was an exclusion criterion for the study. We assessed symptoms of depression with the 17-item Hamilton Rating Scale for Depression (HAM-D) (Hamilton, 1960; Hamilton, 1967) . The HAM-D was administered as a structured interview by trained raters (inter-rater reliability for total score 0.94).
Neuropsychological evaluation
The neuropsychological test battery included measures of learning and memory, orientation, abstract reasoning, language, attention, and visuospatial ability, as described elsewhere (Tabert et al., 2006) . Patients and controls were tested annually on the full neuropsychological assessment battery.
Statistical analyses
One-way analysis of variance (ANOVA) and chisquare (χ 2 ) tests were used to compare continuous and categorical baseline measures of MCI patients to controls, and to compare MCI patients who converted to AD on follow-up evaluation with MCI patients who did not (hereafter referred to as MCI converters and MCI non-converters, respectively).
In Cox Proportional Hazards Regression survival analysis conducted in the entire patient sample (n = 148) for the entire follow-up period (1-9 years), the outcome variable was the time from baseline to first time-point of AD diagnosis, with censoring by the time-point of last available evaluation. The follow-up duration varied across subjects and the hazard of AD conversion increased with age: in the < 60 age group, 5.7% (2/35) patients converted to AD; between the ages of 60 and 67, 15.4% (6/39); from ages 68 to 74, 30.6% (11/36); and for ages ≥75, 52.6% (20/38) converted. Consequently, age-stratified Cox discrete time-regression models were used to examine the effect of the STAI State and Trait and HAM-D on conversion to AD controlling for age, first individually and then adjusting for other variables. The final Cox models included the following independent variables: STAI State and Trait, education, baseline cognitive performance (MMSE), and HAM-D.
Analyses were conducted in SPSS Version 11.0 for Mac OS X.
RESULTS
The mean age of the study sample (148 patients with MCI and 63 controls) was 66.6 ± 9.7 years, 55% were female, and the mean level of education was 15.5 ± 3.9 years. The control and patient groups did not differ in age or sex distribution. The patients had significantly fewer years of education and lower MMSE compared to controls. The duration of follow-up was shorter in patients (46.6 ± 24.6 months) than controls (52.2 ± 28.4 months) because MCI converters exited the protocol after 2 consecutive annual diagnoses of AD.
Baseline STAI scores within the entire sample (patients + controls) were not significantly correlated with gender, age, or years of education. Higher STAI State and trait scores showed significant correlation with poorer performance on the MMSE (r = −0.17, p = 0.011 and r = −0.18, p = 0.007, respectively) and higher scores on the HAM-D (r = 0.54, p < 0.001 and r = 0.58, p < 0.001, respectively). The two subject groups were then analyzed separately. The STAI State and Trait correlated significantly with HAM-D in the patient group (r = 0.52, p < 0.001 and r = 0.56, p < 0.001, respectively) and in the control group (r = 0.26, p = 0.043 and r = 0.24, p = 0.046, respectively). The mean STAI State and Trait and Ham-D scores were significantly higher for patients than for controls (Table 1 ) with 33% and 32% of controls above the cutoff of 30 for State and Trait, respectively, and 61% and 67% of patients above the cutoff for the same variables.
Within 6 months of presentation, 2 patients with MCI were clinically diagnosed as having other neurologic disorders (corticobasal degeneration and amyotrophic lateral sclerosis presenting with frontal lobe deficits), and were excluded from analyses. Thirty-nine (26.4%) of the remaining 148 patients enrolled in the longitudinal study converted to AD during the entire follow-up period. All converters were >55 years old at baseline evaluation. Of the 39 converters, 31 had probable AD and 8 had possible AD, that is, AD with concomitant conditions that developed during follow-up (depression n = 6, prescription drug abuse n = 1, Parkinsonian features without meeting criteria for Lewy Body Dementia n = 1). The clinical course and decline in cognitive scores during follow-up did not differ between the probable and possible AD converters who were combined for data analysis.
MCI converters and non-converters did not differ in sex distribution, education, or baseline HAM-D scores, but converters were older and scored lower on the MMSE at baseline (Table  1) . MCI converters did not differ from non-converters on mean STAI State or Trait scores.
In an age-stratified Cox Model, HAM-D was not a significant predictor alone or with education and MMSE also included in the model (risk ratio, 0.993; 95% CI, 0.92, 0.072; p = 0.862). The dichotomous predictors (≤30 or >30) STAI State and Trait, were entered into age-stratified Cox proportional hazards models, first as single predictors and then with education, MMSE, and HAM-D in the model (Table 2) . STAI State was not significant as a single predictor of conversion to AD or after controlling for the other variables. STAI Trait did not predict conversion to AD as a single predictor (STAI Trait ≤30 vs. >30 risk ratio, 0.61; 95% CI, 0.32, 1.17; p = 0.13), while higher STAI Trait scores (> 30) were significantly associated with a lower risk of developing AD (risk ratio, 0.45; 95% CI, 0.21, 0.95; p = 0.036) when education and MMSE were include in the model, when HAM-D was and was not in the model, and remained significant when STAI State was also added into the model (Table 2 ). The same analyses were conducted in only the 108 amnestic MCI patients who met criteria for "pure" amnestic MCI (n = 21) or amnestic MCI with deficits in multiple cognitive domains (n = 87). The results were similar to those obtained in the entire sample of 148 patients. Higher STAI Trait anxiety scores were associated with a lower risk of conversion from amnestic MCI to AD (STAI Trait ≤30 vs. >30 risk ratio, 0.35; 95% CI, 0.14, 0.85; p = 0.02) when STAI State, education, MMSE, and HAM-D were included in the model (Figure 1) .
We also used a Cox Model with age classified as a dichotomous variable (<75 or ≥75), because 20/39 (52%) of the converters were ≥75 and in order to make the sample comparable to the Palmer et al. (2007) study. In the model including STAI State and Trait, education, MMSE and HAM-D, State anxiety was not a significant predictor (STAI State ≤30 vs. >30 risk ratio, 1.55; 95% CI, 0.72, 3.37; p = 0.26) while Trait anxiety remained significant (STAI Trait ≤30 vs. >30 risk ratio, 0.41; 95% CI, 0.19, 0.91; p = 0.028). Trait remained significant when STAI State was also included in the model.
DISCUSSION
In this clinic-based sample, the MCI patients had higher levels of both state and trait anxiety compared to controls, consistent with the reported literature regarding the increased prevalence of neuropsychiatric symptoms in persons with MCI or complaints of memory impairment (Feldman et al., 2004; Forsell et al., 2003; Palmer et al., 2007; Sinoff and Werner, 2003) . Our study enrolled a relatively large cohort of well-characterized patients with MCI and a smaller group of normal control participants. One strength of the study design was the measurement of both state and trait anxiety and depression. The STAI has been used extensively across numerous research studies. There is evidence to support the use of the STAI, which has shown good psychometric properties in elderly samples (Kvaal et al., 2005; Stanley et al., 2001) , and has been validated as an outcome variable in geriatric samples (Giraudet-Le Quintrec et al., 2003; Prudente et al., 2006; Wu et al., 2004) . The strong correlations between the STAI and HAM-D scores support the view that anxiety and depression are frequently comorbid in elderly patients with cognitive impairment, though our study excluded anyone with major depression, limiting the evaluation of the prevalence of comorbid anxiety and depression in our sample.
In survival analyses, depression scores did not predict conversion, though the entry criterion, that is, exclusion of current major depression, restricted the range in depression scores and hence the interpretation of this finding. STAI State anxiety did not predict conversion during follow-up. This result stands in contrast to other published data indicating that presence of elevated baseline anxiety predicts future cognitive decline in elderly normals (Sinoff and Werner, 2003) or conversion to AD in MCI patients (Palmer et al., 2007) .
The HaGenfen study (Sinoff and Werner, 2003) enrolled elderly participants who were cognitively intact at baseline and who were classified as having anxiety or not based on the Sinoff's Short Anxiety Screening Test, an instrument specifically designed to assess anxiety in the elderly (Table 3 ). The anxiety group had significantly more subjective memory complaints at baseline and was more likely to decline cognitively over the follow-up period. Our study measured conversion from MCI to AD, while the HaGenfen study defined cognitive decline based on a follow-up MMSE score <24 (Sinoff and Werner, 2003) . For more direct comparison, we ran the same analyses using MMSE <24 as an outcome marker for cognitive decline in our patients with baseline MCI and found that State anxiety still did not predict cognitive decline at follow-up (data not shown).
Other methodological and sample differences, discussed below, may account for the discrepancy in results between our study and the Kungsholmen Project (Palmer et al., 2007) , which found markedly increased risk of conversion to AD in MCI patients with anxiety compared to MCI patients without anxiety. The Kungsholmen Project also found in MCI patients (single or multiple cognitive domain deficits) with anxiety, that there was a 30-fold increased risk of conversion to AD compared to cognitively intact controls. They measured anxiety by extracting items from a larger neuropsychiatric inventory, and included state anxiety symptoms of indecision, persistent worrying, anxiety, and social withdrawal. The difference in instruments used in the Kungsholmen Project and our study, which limited measurement of anxiety to the STAI, may partly account for the discrepant findings obtained. Additionally, the participants in the Kungsholmen Project demonstrated greater cognitive impairment (MMSE ≤ 24) and were older (≥75) at baseline than our sample (Table 3) . However, in an analysis of our participants aged 75-plus, State anxiety remained non-significant in predicting conversion to AD. The results did not change when we restricted our analysis to patients meeting criteria for either amnestic MCI or amnestic MCI with multiple cognitive domain deficits.
In our study, in survival analysis, higher levels of trait anxiety predicted a reduced risk of developing AD when education, MMSE and depression were included in the model. Trait anxiety is relatively stable over time and leads one to view stressful situations as more or less threatening, depending on the trait level, and to respond accordingly (Spielberger et al., 1983) . When faced with perceived memory decline, a person with high trait anxiety may be more likely to seek evaluation of memory complaints. These patients may not, in fact, have objective evidence of memory deficits and may be less likely to convert to AD.
Although two other studies suggest that the effect of state anxiety is strong for predicting decline in cognitively normal elders or MCI conversion to AD, our state anxiety results do not support these findings, and the trait anxiety results are somewhat contradictory in that increased trait anxiety was related to a decreased risk of developing AD. Prior studies primarily measured state anxiety and not trait anxiety in MCI. Given the relatively small sample size of MCI subjects in all the studies to date, including our own, more research is clearly needed to clarify the role of anxiety in cognitive decline and conversion to AD, if the strength of the relationship is present, and the underlying mechanisms.
KEY POINTS
• Higher Trait anxiety is related to a lower risk of conversion from MCI to AD.
• State anxiety is not related to conversion from MCI to AD. 
